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(54) STAINLESS STEEL FOR ENGINE GASKET AND PRODUCTION METHOD THEREFOR 

(57) After cold rolling with a reduction of at least 
40% is carried out on a stainless steel, annealing at a 
temperature of at least 700°C and at most 900°C is per- 
formed, and then temper rolling with a reduction of at 
least 40% is carried out. The metal structure obtained 
by the annealing is a recovered unrecrystallized struc- 
ture or a mixed structure of a recovered unrecrystallized 
structure and a recrystallized structure. A stainless steel 
for engine gaskets having a high fatigue strength and 
resistance to settlement is obtained. 
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[0001] This invention relates to a stainless steel for use in enaineaasketsandtn a m**h,^«~;^ t 4 

[0002] The present invention also relates to a gasket which is obtained in that manner. 
Technical Background 

SSL ZZ* i«a£££ i tSZT teria,S hSVin9 **' U8eS - metal P**** 8 are increasingly used in ptece 

ESS— SSS 



45 Disclosure of the Invention 
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SSoTlSST Pf0P !? eS * araCteri2ed b * usi "9 30 «■■*» Sinless steel having wnJZmZiSS^ 
«fl»1 . and by gra,n rating thereof by causing recrystailization by carrying out annea.ingTas S 

f^2c h- K° WeV6r ' 3t PreSent ' Pr0P6rtieS * e " 9ines are improving, and simultaneous with the trend 

wrthstand this trend towards high engine output, that the final product has an inadequate harness wHp?2 

[0013] An object of this invention is to provide a stainless steel which is suitable for gaskets used in todaVs incr^, 
ingly high performance engines and to a method for its manufacture. V 
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[0014] Another object of this invention is to provide an engine gasket which can exhibit that type of excellent per- 
formance. 

[001 5] A more specific object of the present invention is to provide a stainless steel for engine gaskets which does 
not use materials requiring special components but whch uses SUS301 L stainless steel (roughly corresponding to low 
carbon AISI301) made of ordinary components and which has properties superior to those of existing materials, i.e., a 
high fatigue strength and excellent resistance to settlement, and to a method for its manufacture. 
[001 6] For example, a metal gasket used m an automotive engine or the like is subjected to working to form a bead. 
It is then mounted on an engine block, and it is repeatedly subjected to stress accompanying engine operation (explo- 
sions within the cylinders). Therefore, it is required to have adequate fatigue strength to resist this, and it is required to 
maintain the shape of the bead under such varying stress and to maintain a gas seal, i.e., it is required to have resist- 
ance to settlement. 

[0017] An example of a steel which can cope with such conditions is a stainless steel corresponding to SUS301. 
As described above, such steels are generally used at present Among the problems that were seen with such existing 
technology are the following: 

1. In the case of a high carbon steel such as SUS301 (C at most 0.15%), it is relatively easy to obtain a high hard- 
ness and to improve resistance to settlement However, the more the hardness is increased, the more the fatigue 
strength ends up decreasing when working to obtain • bead is performed in order to prepare an engine gasket, so 
it is difficult to obtain both fatigue strength and resistance lo settlement. In addition, as a problem during the man- 
ufacturing stage, there is the possibility of cartxtes precprtatng due to annealing, and there is a fear of a deterio- 
ration of corrosion resistance. 

2. In the case of a low C content such as C: at most 0 03%. the corrosion resistance is excellent, and it is possible 
to increase the fatigue strength to a certain extent but rt « drflcuft to obtain an adequate hardness. For this reason, 
it is difficult to obtain an adequate resistance to settlement and there is fear of a decrease in gas sealing properties. 

3. Even higher fatigue strength and resistance to settlement are demanded due to increases in engine power, but 
with the existing technology using SUS301 type steel, it « dffcuft to achieve both at the same time, and at present 
an increase in performance above existing levels is drffcuft 

[0018] The present inventors found that a suffoent level of hardness can be achieved even for a low carbon steel 
when temper rolling is carried out on a steel having armed structure of a recrystallized structure and a recovered, 
unrecrystallized structure, or a recovered, unrecrystallized structure corresponding to the structure before recrystalliza- 
tion occurs, which structure is prepared by finish annealing pnor to temper rolling in order to reduce the influence of 
prior working. They also found that due to the remaining effects of previous working, if the strain due to working which 
is applied to the material after temper rolling has the same working rate as in an existing method, the deformation 
applied to crystal grains can be made large, and the effect of crystal grain boundaries in the structure on fatigue 
strength can be decreased. They additionally found that due to these synergistic effects, the fatigue strength can be 
markedly increased compared to that of existing materials 

[0019] The present invention is a stainless steel tor enpne gaskets characterized by comprising a temper rolled 
metal structure in the form of a recovered unrecrystallized structure or a mixed structure of a recovered unrecrystallized 
structure and a recrystallized structure. Namely, a stamiess sieeJ tor engine gaskets according to the present invention 
comprises a martensite-containing structure obtained by temper rolling of a recovered unrecrystallized structure, or of 
a mixed structure of a recovered unrecrystallized structure and a recrystallized structure, both being obtained by 
annealing. 

[0020] In this manner, a stainless steel for engine gaskets according to the present invention is one derived from a 
recovered unrecrystallized structure or a mixed structure o< a recovered unrecrystallized structure and a recrystallized 
structure, both of which are obtained by finish annealing The crystal structure of the metal structure at this time has a 
half value width for the X-ray diffraction measured using CuK u radiations tor (220), (31 1) planes on austenrte matrix of 
at least 0.15° and at most 0.35°. 

[0021] From another standpoint the present invention is a method of manufacturing a stainless steel plate for 
engine gaskets, in which cold rolling and annealing are repeatedly performed after hot rolling, and then temper rolling 
is performed, characterized in that the reduction during co*d rolhng carried out before finish annealing is at least 40%, 
the subsequently performed finish annealing is carried out m a temperature range of at least 700°C and at most 800°C, 
and the metal structure is made a recovered unrecrystallized structure 

[0022] At this time, by carrying out finish annealing m a temperature range of at least 700°C and at most 900°C, the 
metal structure can be made a recovered unrecrystallized structure or a mixed structure of a recovered unrecrystallized 
structure and a recrystallized structure. 

[0023] By making the reduction in the temper rolling after f rush annealing at least 40%, the formation of martensrte 
can be promoted. 
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Recovered untecrys***, a™*™ aM J — « nuMutto. 

Brief Explanation of the Drawings 
[0028] 

slTement^^^^^^ 

figure 2 is a view explaining the essentials of the fatigue test and the resistance to settlement test. 
Best Mode for Carrying out the Invention 

extremely effective for strengthening a martensite pto Jhkh h Su~?£ ~h 1 u 9 ,emperah,res - «« * * 
preferably at least 0 01% Particular lower hmt. but in order to guarantee a prescribed strength, it is 

a^rc^r^sss :jt- — - ~ - 

« points, the range of Cr is prefely at least 1 6.0% SSSZ iST " ^ *~ ^ 

ring during temper rolling Hardening accompanying the martensite transformation occur- 

etonsation deceases. On the otto hand, il the amount ol prosresses - «"*• 

at least 6.0% and at most 8.0%. saturates. From this standpoint as well, the amount of Ni is 

[0039] like C. N is an austenite-forming element, and it is an element which is effective for hardening a martensite 



25 



30 



35 



4 



EP 1 036 853 A1 



phase and an austenrte phase. In addition, compared to C, it does not readily form precipitates, so the addition of N is 
also effective from the standpoints of formability and fatigue strength. Also, it acts as a nucleus for recrystallization dur- 
ing annealing, and it is effective for refining the structure. However, if it is added in a large amount, it becomes a cause 
of blowholes, and during heat treatment, edge cracks are easily induced. Accordingly, in the present invention, it is pref- 
5 erably added in an amount of at most 0.20%. There is no particular lower limit thereon, but in order to obtain a desired 
effect, it is preferably at least 0.10%. 

[0040] In a method of manufacturing a stainless steel according to the present invention, as a steel which meets 
these conditions, a stainless steel which corresponds to SUS301L set forth in generally known JIS G 4305 is applicable, 
but in this case, it is also possible for it to contain a certain amount of added elements, such as Mo, Cu. Nb, and the like 

w other than those prescribed by JIS G 4305 with respect to SUS301 L 

[0041] In the present invention, in the annealing which is carried out prior to temper rolling, the metal structure is 
made a recovered unrecrystallized crystal structure which occurs prior to recrystallization or a mixed structure of 
recrystallized grains and recovered unrecrystallized grains, and the amount of deformation of grains in the subsequent 
temper rolling is increased, and the effect of crystal grain boundaries on fatigue strength is made extremely small, as a 

is result of which the fatigue strength is of course increased, and the ability to maintain shape (resistance to settlement) 
after working due to a high hardness being attained is enormously improved. 

[0042] In the case of the present invention, it is not particularly necessary to perform aging such as is generally car- 
ried out, but if aging is additionally performed, a material of even higher strength is of course obtained. 
[0043] In this manner, according to the present invention, it is possible to manufacture a gasket material having a 
20 higher fatigue strength and superior resistance to settlement compared to existing materials. 

[0044] Here, the reasons for the limitations on a manufacturing method according to this invention will be described 
in more detail. 

[0045] The structural state of a stainless steel used in this invention is essentially an austenrte structure at the time 
of solution treatment In the rolling performed prior to finish annealing prior to temper rolling of this steel, namely during 

25 finishing intermediate rolling, cold rolling with a reduction of at least 40% and preferably from 40 to 70% is earned out. 
As a result, in finish annealing prior to temper rolling, by performing finish annealing at a relatively low annealing tem- 
perature, i.e.. in a temperature range of at least 700°C and at most 800°C or at least 700°C and at most 900°C. a recov- 
ered unrecrystallized structure or a mixed structure of recrystallized grains and a recovered unrecrystallized structure 
is obtained, and then by carrying out cold working of at least 40% in the subsequently performed temper rolling, a metal 

30 gasket material having sufficient properties can be obtained. 

[0046] The soaking time during finish annealing at this time is preferably from 0 to 60 seconds. If it exceeds 60 sec- 
onds, there is the possibility of an entirely recrystallized structure. 

[0047] Here, the finish annealing prior to temper rolling is particularly restricted to at least 700°C and at most 800°C 
or at least 700°C and at most 900°C. This is because if the temperature is less than 700°C, a long time is required for 
35 recovery in order to decrease the effects of previous working, which is not industrially practical. If the temperature 
exceeds 800°C, a recrystallized structure begins to form. In addition, if the temperature exceeds 900°C, the structure 
ends up being almost entirely a recrystallized structure. 

[0048] There is no particular limit on the percentage of recovered unrecrystallized grains, but in order to obtain nec- 
essary properties, it is desirable that it be at least 50%. 

ao [0049] In this manner, according to the present invention, due to finish annealing carried out prior to temper rolling, 
the metal structure is made a recovered unrecrystallized structure or a mixed structure of recrystallized grains and a 
recovered unrecrystallized structure. The reason for this is to increase the work induced strain applied to the material 
after temper rolling which is subsequently performed because of the remaining effects of previous working, to increase 
the deformation which is thereby applied to grains, to make the effect on crystal grain boundaries as small as possible. 

45 and to improve the fatigue strength after bead formation. In addition, this is in order to obtain a material of higher hard- 
ness, and to improve the resistance to settlement of the bead portion. 

[0050] The finish annealing can be carried out on an industrial scale using a continuous annealing equipment. 
[0051 ] The above-described recovered unrecrystallized structure or the mixed structure of recrystallized grains and 
a recovered unrecrystallized structure is one having a crystal structure in which each half-value width of (220), (311) on 
so austenrte matrix is at least 0.15° and at most 0.35° by X-ray diffraction measured using CuK a radiation. 

[0052] The metal structure which is obtained at this time can be made entirely into a recovered unrecrystallized 
structure by making the annealing temperature during finish annealing 700 to 800°C. 

[0053] After finish annealing, temper rolling is carried out. Due to the remaining effects of prior working, a rolling 
reduction of at least 40% is sufficient, and a large increase in fatigue strength and a high strength can be obtained. In 
55 the present invention, the rolling reduction of this temper rolling can be set to various values within the range of at least 
40%, but even with the same rolling reduction as used with existing steels, a material of higher fatigue strength and 
superior resistance to settlement can be obtained. 

[0054] In this manner, according to the present invention, it is possible to provide the properties necessary for an 
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engine gasket material, so aging which is generally carried out to obtain an increase in strength is not necessary but if 
aging is performed, a material of even higher performance can of couree be obtained. 

[0055] The metastable austenite stainless steel which is the object of the present invention exhibits an austenite 
phase in sold solution, so the manufacturing steps pr.or to finishing intermediate rolling performed prior to finish 
annealing can be the same as for existing materials p ^ 

[0056] Next, the effects of the present invenhon wiD be shown in greater detail by an example. 

Example 

[0057] Table 1 shows the components of a stairtess steel used in this example. 

[0058] Table 2 shows the mechanical properties, the halt-value width of X-ray diffraction, the fatigue strength and 

£ SETE" . en1en, 2? r °" ,n9 '" 3UCb0n " ^'^P ert ^ to finishannealingpreceS'tem^ 
per rolling, the annealing conditions, and the temper roihng reduction were varied 

IS* J~* 01 t !^L S,ee ' S ^ m FiQU,e * * ' *" 01 present inven1ion ( 1 "3). and the comparative 
steels (4-6) were melted in an ordinary atmosphe,* meftng furnace, were subjected to hot rolling followed by cold roO- 

ll^tZTt ,6n ?' e <0fmed * ttmp " ,0&n ° to a t ** ness <* 0 20 millimeter. Samples were then ej- 
ected from the s eels. In each case, finish annealing was can-d ou by maintaining the steels for 10 seconds (soaking 

2 ~r T*"**? W8S reached 71,6 ***** 01 •» in finishing intermediate rolling prior to 

m£n, ^. 9 " ^ annea ^' n9 cond " ,ons - and » e «*np*r ro^g .educhoo for each steel are shown in Table 2 
ESL. ^ ^ *> a tenale test and a hardness test to measure their mechanical 

toTeJSnenT 6 10 * " * ** fati9U6 and th « r 

,J?^ e 1 * a f?^ Perspective view show«g . ,«t p.ece for the fatigue test and the resistance to set- 
tlement test and particularly the shape of the bead 

K2 5. Ur !f ^ 8 Vi6W fof explajnin 9 •» ****** of toe repeated compression and load release carried out in 
the fatigue test and the resistance to settlement test 

[0063] In thisexample the bead had awidthof2.5 m«««ers and a height of 0.25 millimeter. In the fatigue test 
2 S^r^fl t r^J*? formed toaded from above and below as shown in Figure 

2 and after compression and release of a toad were repeated 10* bmes. the fatigue strength was evaluated based on 

TatnaT^ZVTT ,6S, f ^ ~ change .e shown by a drdfand those 
cracKing or fracture are indicated by an X. 

SI* 41 ^ k?**^ *" resis,ance to settlement test conpressen and release of load were repeated 10 s times 
after wheh those having a ratio (h/nj of the remaining bead he^ht h to the initial bead height tu ofat least 0 5 were 
evaluated as good and those of less than 0.5 were evaluated as bad. and are respectively sLn°by a circle and b"^ 

[0065] Those having good formability when the formaton of a bead shown in Figure 1 was carried out are indicated 
by a circle, and those in which cracking or fracture took place are wttcated by an X 

[0066] In order to determine the state of the metal stnxtwe of toe material obtained after finish annealing meas- 
anSg *** * ° — out on the Sl» 

[0067] The results are collectively shown in Table 2. 
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Possibility of Industrial Use 

[0068] According to the present invention, a stainless steel for use in engine gaskets having superior fatigue 
strength and resistance to settlement is obtained. A manufacturing method according to this invention reduces the 

s effects of prior working on the metal structure after finish annealing performed prior to temper rolling, and by making a 
recovered unrecrystallized structure prior to the occurrence of recrystallization or a mixed structure of recrystallized 
grains and a recovered unrecrystallized structure, compared to other manufacturing methods using existing metal gas- 
ket materials in the form of SUS301-type steels, it is possible to manufacture a material having both a high fatigue 
strength and resistance to settlement. A manufacturing method for a stainless steel for engine gaskets of this type 

10 according to the present invention having such properties can be carried out using a stainless steel with generally well- 
known components using existing equipment and finish annealing prior to temper rolling can be easily carried out on a 
continuous annealing line, so the manufacturing method provides excellent economy. 

Claims 

15 

1. A stainless steel for use in engine gaskets characterized by having a structure in which the half value width by X- 
ray diffraction measured using CuK a radiation for (220),(31 1) planes on austenite matrix is at least 0.15° and at 
most 0.35°. 

20 2. A stainless steel for use in engine gaskets as claimed in claim 1 , wherein the stainless steel contains, by weight 
percent 

C: at most 0.03%, Si: at most 1 .0%. Mn: at most 2.0%, Cr: at least 16.0% and at most 18.0%, Ni: at least 
6.0% and at most 8.0%. and N: at most 0.20%. 

25 3. A stainless steel for use in engine gaskets characterized by having a temper rolled metal structure which is a recov- 
ered unrecrystallized structure or a mixed structure of a recovered unrecrystallized structure and a recrystallized 
structure. 

4. A stainless steel for use in engine gaskets as claimed in claim 3, wherein the stainless steel contains, by weight 
30 percent, 

C: at most 0.03%, Si: at most 1 .0%. Mn: at most 2.0%, Cr: at least 16.0% and at most 18.0%, Ni: at least 
6.0% and at most 8.0%, and N: at most 0.20%. 

5. A stainless steel for use in engine gaskets characterized by having a martensite-containing metal structure 
35 obtained by performing temper rolling after obtaining by annealing a recovered unrecrystallized structure or a 

mixed structure of a recovered unrecrystallized structure and a recrystallized structure. 

6. A stainless steel for use in engine gaskets as claimed in claim 5, wherein the stainless steel contains, by weight 
percent. 

40 C: at most 0.03%. Si: at most 1 .0%. Mn: at most 2.0%. Cr: at least 16.0% and at most 18.0%. Ni: at least 

6.0% and at most 8.0%. and N: at most 0.20%. 

7. A method of manufacturing a stainless steel plate for use in engine gaskets in which annealing after cold rolling of 
a steel plate are repeated after hot rolling, and then temper rolling is performed, characterized in that the rolling 

45 reduction of cold rolling carried out prior to finish annealing is at least 40%, and finish annealing which is then per- 
formed is carried out in a temperature range of at least 700°C and at most 800°C to make the structure a recovered 
unrecrystallized structure. 

8. A method of manufacturing a stainless steel for use in engine gaskets as claimed in claim 7. wherein the stainless 
so steel contains, by weight percent, 

C: at most 0.03%, Si: at most 1.0%. Mn: at most 2.0%, Cr: at least 16.0% and at most 18.0%, Ni: at least 
6.0% and at most 8.0%. and N: at most 0.20%. 

9. A method of manufacturing a stainless steel for use in engine gaskets as claimed in claim 7 or claim 8. character- 
55 ized by carrying out the finish annealing in a temperature range of at least 700°C and at most 900°C and making 

the metal structure a recovered unrecrystallized structure or a mixed structure of a recovered unrecrystallized 
structure and a recrystallized structure. 
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10. An engine gasket made from a stainless steel having a temper rolled metal structure which is a recovered unre- 
crystallized structure or a mixed structure of a recovered unrecrystailized structure and a recrystallized structure. 
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